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VERTICAL DIRECTIONALITY OF NOISE AND SIGNAL

P TRANSMISSIONS DURING OPERATION CHURCH ANCHOR
3

,,, Victor C. Anderson

%,

University of California, San Diego
Marine Physical lLsboratory of the

& Scripps Institution of Oceanography

,"; San Diego, California 92132

% ABSTRACT

B

? A vertical array of 20 vibration isolated hydrophones wias suspended

: from the Rescarch FPlatform FLIP at vavious depths frem Ti3m to 18}em,

Preformed sets of beams were fowmed with a digital boamformer to observe

the vertical noise distribution at 3 to 4 frequencies between 20 and 100

t. Hz. Directional spectra derived from 10 minutes sumples eof digital

& records are preseated, Several contour plots of amplitude distributions

) are a'so shown for both signul and noise records.

INTRODUCT LON

‘ buring the first part of eperation GHURUH During the propagation runs daty were alse
. ANCHOR, 20 hydrophones were vconfigured in & voifevted with this systems  In o rhis  case,
\ uniformly spaced vertival linear areay and  pecordipgs were made during tramamission peri-

loweved ta various depths from FLIP,  Part of oy but the depth of the arrvay was contralled
the on beoawd precessing equipment for this by the roquiredonts of the propsgation vuas o
arvay  conxistad  of  vhe IRAPE beamformer - 3 rather than by  the vertival Jdirectionality : :
programaabl © narpowe-hand  myltibeasm  Sabit experimenty, The propagation arvay  data
digital beumtoreer  whivh allused shiepvations  analyzed 1o date enly indlcate the gresy
to be  made for a4 full set of uniformly spaced  Jdirectional strugture, however, the Srequency
vertical heams gt four  frequencivs  of  sefs wore chosen se  that one nearby Frequency
interest, The  processar weted  aX 8 wan pecorded  at the xame time A% a4 signal
narrow=band  filter at  each af  the'e  freduendy <o that <eme  Indication of the
frequencies  [hus, the ohiervations ahould he  background nodsr Jevs) through the gain of the
vonshdered 1o be  estimites  of the posrr  arpay vowld be ebtained. )
spevirum levei af the Jirectional 92 =4 o of The data sets of this report are groupsd by
the bachground nolse in the ocean. caperinent.  For each eaperiseont the aats are
turing the perigds of vise desigrated ax presented by way of graphs which represeat the
Ynodve  days” chivrvations were  made et vertical wedse dJistribntion st the feur
sequential  depth far a0 ae of  ais frequencies ivived,  The graphs are  of twp
predetermined depths, AU cavh depth 40 obsere  Uye 2) oo 1% a plot of wean power  values
vation time of M0 aiouled »as wied during  cospnted fros accwslated histegrafe sf o
shich  time contigusun  recordifigs  of the  aifute  saeples of the hoaw autpat scane, the
eanplote set of beant waa sade,  The onelite  other, a vantour plot which s derived froe
monitor duritg Pecording was  a Ross Recorder,  the dass  Jatd  bet represeots the cobtours of
an  AAteaiity type  rovorde? genierating four  the  histogrags of  the boswformer  eutput
paraiteol time hoariag plors one plot  for cach  sanples, A considerable  cooint  of  post
of the four frequencicd.  The detedted Beat  pProcossing has been spplied to the dats for
sutputs which represcat the tateasity off these  tHe purpese: of swootliing the histograms and
plots  were foraatted da a serial wyvdn which  fomoving soe  of  the  anomalies wf  the
wis Pecarded on digital  tape  for  later oquiptent which were dincurered. ia  the data
Processing. - afalysis. .
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An extensive effort was spent in looking at
the process of deconvolution of the beamformer
outputs with the goal of improving the esti-
mate  of the directional noise ficld, is
work has been reported in the literature!*The
results of this effort show that the
‘deconvolution process for this particular uni-
formiy spaced linear array is o,  mirginal
benefit, Because the process is very
seasitive  to the fine structure of the
theoretical beam pattern, it was felt that
there may be enough uncertainties in the lin-
earity of the array or in the lincarity of the
wavefront arrivals that the application of the
deconvolution algorithm might actually degrade
the ostimate of the directional Jdistribution.
Therefore, enly the ummodificd beam output
poser of the array has beex presented here.
There are :wo artifacts of the instrumentation
which cceur and are particularly prominent in
the case of the background noise recordings.

First, there is a significant amount of

what {s intorpreted as cosmon mode noise which

shows up a2 an  output cn the perpendicular
beam which is the horizontal (90 bean, The
questian of whether ar not this common mnode
neise <ould  be  subtracted out of the
directional patterns in a valid way was con-
sidered vcavefully; there was insufficient
censisteacy from vecord (o vecord im the level
of this voomon =ode noise to justify any

_ subtractien so o attempt has been made to

take it out of the data prosented here,
second, the navros band filter had extended
sidelode respenses which lay, on the average,
40 48 below the response in the pasy band.
Thus noise pewer uniforasly distribuixd over a
500 #: band will give rise te a  €ilter output
power which is only a fow dB below the :aband
noise powor, Thii eoffegt places 2 floor an
the mnimar soize bands shich can be weaswrad
for the background noise records but Jdees nas
seriously affect the sigral transmission rums

shiere  the ajor cROrEY was concentrated in &

fon froquencios,
' INSTRUMENTATION

The asrray shich was usod consisted of 20 of

the hydpophoass uring the Witsey suspension

cige design shown in Fig. 1. The elesents aye
independently suwpeaded I8 a very | low

- cempliange elastic  Guspeasien  withia  the

external Iupport Cage. Thy hydrophons outjuts
are anplified sad cogpled threush da M
telonetry link over the siagle ¢eaxial cable
to FLIP whete a ot of 43 seceivers
Gsvultiplen and Jomodulate the signals fat
processing by the boanformer, The
karacteristids ef jue beasforwer  are
sulearized is Table .= The 0 hydrapheses
8f the arta¥ afe Interéshavctad 0 fork a
cniforaly spaced array with an averall length
of 332 meters and an effective 1otigth of 560
wetors. Figure 7 chowz e six array depihs
ssed Juring the roise asuretont periods,

. Ka

MIL=U-53/74

Fige 1. Witagy hydrophone vaise ansenbly,

The set of fredueascien  uaed with the avray
range from I3 M2 te 200 H: aad  thur 4 wade
varbation in beas patterss wrll be  abaerved,
A charscteriatie set of paticrsa ate given in
Ftps. 5 threugh 6. The patteras ape prosented
Bere ar  a st of 1115 samgles vorrespond-
thg 00 the bear couters, At U0 and 200 Hz,
the pa .- i ynfersagpled aid the  peculfar
side . - 160 % afe s comsoqoRtes oF Heably
copmcaigrate  sHERling Merivd af ovam-paticrn
tobe widtha,  Abave M d,  zratiug  lobes
Havifg amp-itwde responios n high as the saia
fabe of tw array wil] be oetyed within the
w80 vertical angls ety Ar 200 52 thees
sots of those  grating - jobes ate to B
ohservel, : » -

The beoardforaes wis pr<ftamerd o gfnepate

Céoup  sets of Beams  far . fvar  ssleactsble

parvow-band Froquescies, fach set covered the
rahge of 0.0 with 3 LS. Branctodvas
spacing for a full sl ofF LJI heams.  The
oatrene Boads wofs Poinled vertically of (67)
afd wvertically doma (183 1. A sutigly Mapivs

band FilteoF oRandwl was ovgikeriied iW ihe

boartormer by mmitiplyite the titcsmsitipieied
Bigh speed audio beat da¥as Blevd By - 3 1-bit
grant ized sine  atd cos it foforengy rignad at
the izhter Bband  frogiency »hich had been

i ¥ tude weighted wvet  the Jesecond

itegFat 106 Rliock $o contral the Yilley <ids
lebes, Y fimite fime imfegiatby  epwiating
st the Jasevend  data Nieu R prévided e
fgwapass  Jilier for fhe  fus o gessopiadut
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Table I, Beamformer Specifications

LLECTRICAL CHARACTERISTICS

Inputs

a. Number of chanpels: 1 to 48 (2 ea.,
D3NS conny,

b. Impedance, single ended: | megohm.

C. Impedance, transtormer: 60U olums,

d.  Maximum voltage: 3 volts (rms),

c. frequency  band: 100 to 250 Hz, 500
Hz, 1000 H:z,

g. Gain: 0 to + 75 dB in
increments,

5-dB

Outputs
d.  Detected beam scans.,
i1 Four quadrature clement sums 1
to 12), Jemsce beams, 12+ bit
words, TTL compatible (4 ea.,
DALSSY,
() June, tull-clement sum (1 to

A8),  demse¢ beams, analog,
ow=impedance (coaxial)  (also
displaved on time- bearing

recovder).
»Undetected beam outputs.

(v one, full-clement sum (1 to
Y102, deusee samples/
be.am, 12 bit-words, TTL
vompratible (1 ea., DALSS) also
internalty tormittod tor
writing overy sixtecenth beam
onte mgnetic tape),

Lot Saac s (b)Y for FFL,  but
interfucing is  yet to he
determined,

Ve e tee ol Jdemsor
vempatthle feocaataly,

FEYSTOAL CHARMIGERES TS

viocks, TTL

da Imput power: 113 vae, o0t Hz, 10
;eﬂ;!;‘t’t‘s v
By Rbrpr ], Saragh hay «- 6'AMNSIEY
w2 plus wheets,
Py Beravh bay ee b0 300320 20yn
trlus whegpls,

Ee o Berrr depactoBuy, oo pognds,
t=rack bay, S8 ponms,
Yoray., Affer baaspasi faltetring, the two

vPonse produdt Eerws weee syguared  and o then
suffred  to prodoce the aulput peiwe? sigbal,
Pae Frequeney fespomse F This £iifer ir shoun
e Fig. Y. M an bBs spen, it has an
cElect jve Banguidth  af B8 Mz, §1 ajei pee
fiovts tae sctteel of the bl qpaaniaatafi of
the feforene ., dighal in the cxtemled $hie bobe

Tevels shick are only  Jowuwt  dbout ¥ JE,  Ihe
gattl corrections  aridifg fros the vagious
poriivsn of the system whach muct Be  appiind

St the data are susmarizod o big, %,

o

Dapth, meters

Tt T TR U A AR e, i s NP T W Y YR Bt 1y O e o

MPL-U-53/74

PHASE | ARRAY POSITIONS RELATIVE 70 THE VELOCITY PROFILE

Sound velocity, M/sec ARRAY
160 1480 1560 1520 1540 OSITIONS
T ! M— T —
l ]
” -~ 484M
f1 106sM
2000 ¢ —
D -2334M
- 3666M
4000 p-—
—~4138M
~4730M
RIS ASICPIWA IO PR ZS S pap 2 St ALV ST Y Z AT A S-S ey
8000

Fig, 2, Array positions reclative to the

velocity protfile.

the beamformer records
10-minute blocks Only the first 10-minute
sample ot cach tape has been included in this
report, For cach  l0-minute period, 300
2-second samples werce combined to provide the
average values.  the distributions which were
run  on these samples ace aistograms  ror the
30Q-sample  sets, A summary of the data  sets
is  given o Table 1}, Summavies of the  gain
factors  tor the data sots are piven in Tabje
11, A high density of ship traffic occurred
during the ™noise days " Figures 9 and 10
show the xime relationship of the  depth
station, shup traftic ad data tapes,

were analyzed in

PATA PROCESSENG

Betare proveading  to the divectional plots
wword  of eaplanmation of the data processing
ts tn onder, the  tormat  of th - mappaweband
bramformer  Jata as 0 tebit tloating  point
ausber pepresenting thye narrow- sand cnergy in
a seseeand samples  dhe number consests of oo
S=biy  expanent  of tour and o e
aaftinsa,  The Jdynasie  range 15 appravisately
8% R, The data oare atared i AL wond
records by g Datrack  NMO00 bpy tape eevonder,
Ore tape Peeetd vontaine Jesevaml sanples ot
P21 Beatin o Tour Sreuenyies,

e chieos slogival reduence Yor the Jdata
provesding was g+ Foglowe the tapes were reuld
By the Burraughs 0700 computer at BUSDH gsing o
foutine shich votiverted the Bise fagr fheating
Paint muabe s te Bartoughs (S-B)t
Mpey bumdged  recards eeproaentine (8 sinates
o tval time dath were « mverted and serted by
Beat sudicr and fregquetey ot ooy e, he
aorted data wore then gronaped ante 170 08 wile

base

wirtyds
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o percentile hise Jdetomminal, The RistegPan
data was Mhen coadeosd gad S19FAd o sragwetd ie
fape. Ajehy with B¢  GedispsipwrcPorosl iy
AfpaFe.  Uptionsl plots of btk the  dedian:
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the interpretation of the data, The first of
these is the apparent presence of common mogv
noise which was  mentioned carlier.  The
evidence which gives rise to the ssumption
of the presence of  such  common  mode netse
lies in o careful cexamination of the diree-
tional plots asseciated with Tow background
levels, particulorly the noise s of tapes
tabeled Coand L. In all of these tapes, at
all  fonr  frequencies, regardless of  depth,
there appears to he a strong signal precisely
centered on the 90%beam.  Mthough one might
expect some onme arrival to come in at pre-
cisely 90° at a  particular depth, it there
were such an darrival  present  at  the deeper
depths the angle weuld ohviously be Jdifterent
for the rays as  they c¢rossed the sound
channel axis  at the shallower depths. ‘this
is not the case, Also, if there were truly o
horizontal ray, one would expect to see at
Least a representative offset  caused - py the
tilt angle on the array swhich was observed to
vary up te 2 or 3 degrees during  the
experiment.  There s no cvidenve of tias
displavement.  The only logical explanation
for this strong 907 bewm is o signal which is
vemmon  in phase in atll elements,  Because
this  effect  ovcurs over all freguenvies
observed, the assumption has to br that st s
aise o broadband  noise, e origin of this
noise has not been ddentified to date,

I view of the appesrance  of  this poise
in  the dats, the o H: o pesulty bhevome
pavticalariy significant. Referring bach to
Fig, 5, one sees that the particualur set of
Jo5° beam sampling sntervals  which  oearly
matvhes the angular perdedocity an oty hean
pattern, phves rise  te a very fow beas power
eagput i the vivinity of  the mean beam,
Wi means that, for the Jats at o8 4, e
vap  plave o high vonfrdenve i the resulta
sraumt  the  central  bBesa,  sigve all of the
cotBoR B0ds adise vaitamination will be cons
venfrated in the W05 Byate,  Thus, tr 1 the
169 M date etibvh pives us the west
sigpifivant ¢lue gs 1o the shape ef the asise .
windew  as a fusctien ef  Jdepth, ike
dizadvantay. of the M iz dats, of vourse,
is the presesce of the sevomd  ordet  gra’
fobea shich {imit the ebscrvatiog intesval 2o

@ bamd of abeat > 13° about thy  hofizestad,

s, although the fine  seale strnclure

"within the oi-r band s (haYacteriied By the

i W plots, the  lower fregueimey plots sus
b gond to defiste The band i the ujjer
levele oy the  oepip wlivre the dolse  oand
crevrds the ¥ 15T widek,

Ancthes offovt of Ihe sRstreentsf ion i<
the fiilsin of the “ide jobea whivh sbegutes
the cofprct BREerpIeial ion o (He Jifee ! iiig]
speetiwl For  aplre gvatly temoird foom the
narizoat 3] direction, The  incehaniem whedehs
the side folwe are filled inm -y tpdgwhad
devions, 1 s obhooue Thal  the Jifeetivaal
fospenies for the 230 and e Pists Mo
waf  spproach e cide Jobtw feayls shoun am
the costocpomding eprsly. sl Beah pattorms
wf Fygs, U osing 3, s amaly ames thds 1 P Y
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MPL-U-53/74

Array Depth
Position

1800

2200

coz

0200

C03 —— 0600
04—

100U

T2
=
S5

1400

1800

Flge 9. bocal ship traffic near FLIP Jduring 5-6 September 1873 noise period,

Y S §

A

- 1.3mi

= 12mj

Freighter "IGUAPE"

— Biological Noise

-2
« 1 (Shallow)
-6 (Deep) = Biological Noise

(Sperm Whales?)

-5

- Bmi
-y — 4.5mif Bont
ad (W9 mi
- 7mi Ship (Unknown)
- 13,5 mi
-3 - Scrow Noise Audible

- 2

= 1 (Shallow)
= 16mb e ighter "KING MINOS
- 0.9mi
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Anderson
Array Depth .
-—D2tia Tane Rasita 226 mi |
- Freighter “TOYOTA"
0000 - - l&sm}
EO1 __ 1 = 6(Deep
E 02
) -5
E03 0400 - 4
E4 ]
EQ0y ——— 1
EC” 1 ~ 2
1200 = 1 (Cullow)
J - ‘.2 mi
= o7mi} pretohter (Unknown)
4 = 10mi
EO? “ 20mi
1 = 6 (Deep)
1600 9
- 5
§
9 -3
2000 1
'l -2 « Target on Dimus
. = 1 (shallow)
0000 <
10 Sep 73 )
L
00 ]
Kig, 10, local ship traffic near FLIP during ¢-9 Septosber 1973 noise period,
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Fig. 1. ftistogran correviion exasples

is important to recell that the beamforaing is
dJone on o broad hand  basis - within the
beamformer and that the narres-band Filvering
i acconpl Lshed after the susmation provess,

. the full baadwidth of something greater
than $80 2 af seive will have ap average side
lobe Jovel vorsespending to approsimately the

A, thie van be theught of a8 being  the
effocts of the pawer vhich fewds in  through
the - high froquency seeondary  lobes which,
becsnse  they . are  requency dependent, will
have essentially o uniform distribution over
the angulay aperture. The total power eccurr»
g 46 the side lobe region then will be

roughly determined By the fuli band pover
reduced By the directivity imdex. For paise

iaput of one volt ms with a2 tetal bandwidth
of 00 M2, the cide lobo level wonld be -i3
48, iF we comsider the ndise fevel in the 0.8
Hz band of 2430z Yroe a droadhand  isput of
wre it will be lower by the fatio of
.8 r3 500 12 and alep By the <15 &
squalization gain differeice for a total lewl
of 43 48, and <30 dk with  pespeet to the
broxdband  side Jobe fovel, The fash af  the
farrewPand Filter i the beadfonier outpat is

MPL~U-53/74

then to separate the noise spectrum at 23 12
from the rest of the broadband noise. The
filter response of this narrow- band filter,
shown in Fig. 7, indicates that a level of
about -40 dB is representative of the skirts
beyond the immediate vicinity of the pass
band, thus the widecband noise in the
pbeanformer side lobe region is suppressed by
40 dB placing it spproximately -10 dB below
the beam response at 23 Hz,

In  the propagation runs with  high
signal-to-noise ratios, the beamformer is
subjected to an input spectrum which contains
only a few line components. For this case we
do chsorve the beamformer side lobes to a much
greater depth than the noisc case, This feed
through of cut-of-hand side lobe energy is
quite evident in some of the propagation run
tapes where two different frequency signals
are present, For cxample, in the contour plot
of tape D07 (Fig. 12} the two secondary lobes
appearing in the 104 Hiz plot (frequency four)
show up in the three lower freguencies ar
bumps in the side lobe distribution. These
are particularly evident in frequency two, 36
liz, which was out of the band of the twe other
signal frequencies.

Further ovidence of the fact that the side
lobe energy is Jue to frequoncies out of the

filter band is to be scen in the conteur
plots, For example, in the vontour plet for
noise tape ¥01 (Fig. 13, frequoncy one (13

Mz), shows that in the side lobe reglon there
are many places where the Jistribution is much
nareower than that in the =ain boam, 1In the
main heam one would espect to see a Hayleigh
Jdistribution which is  roughly  what  the
contours correspend te at that peint. If the
side lobe energy were truly associated with
the energy in the 23 Hlz band, it too sould be
gxpected te have a Rayleigh distribution,
thowever, 1f it were a vomposite of Frequenvies
outside of the band, then the nusber of
degrees of freedomn for each sasple wonld be

significantly higher and as a result the
distribution for any one sasple’ will be much

narrowey amd  the voptouprs wi}] converge in

these regions as they appear to in this plet,
kstimates of the directioasl inoiae

apectrus for the Jower. thiee frequencies, I3,

3%, and 100 Mz aré showi i Fig. ). Perhape
the mest  reliable shape 19 that asseeiated
with the I3 @z gurve,  The 10 i beas

THAttern s Aartos ohouglht  te resalve the edges
of the noise distribution which appears fo
have a _very sharp edge to the Jirertional
spoctrut. AT the  deepest  depth, the owrve
shows 4 Rarfow difectional spectru witn Bost
of  the eneryy confined te fhe Pegion nead the
hurizontal, the teatl sfep above the oritical
dopth still shows 2 arves  spéctesy bat with
at itivtwase of 4 48 18 deawrd.  Ss the afray s
rajsed  progressively  Bighet  this  meise
distribulion spreads  but  fetains a very flat
tap  Jistribation with o indiation of 4
hovisontal sell  amd thwre i ealy a slight
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! Fig. 13¢
i .
i increase in the actual total noine power as g
; function of depth above the c¢ritical depth,
i For the two lower frequencies, 23 and 38 Nz,
ey T the curves associated with the twe lowest 3
: ; steps are cepjectural in  agture and thus are
! dotted in. The 23 and 38 Mz Jirectional - 3
: g spectra  are severeiy obscured by the common C G
: node noise xhich spreads over the broaler .
! beam width at these two frequencies, It has k
-been assumed In  drawing these aryays that ;!‘
they are similar to thase of the {00 H: curve s

“which was  clearly veselved by the filter,
“the  shouiders of the squire top  seise
distribution at the upper depths, howeover, do
appear as . a spreading of the divectienal
spectiun for these txo lower froquencies and
wore reliance way de placed on these upper
Tevel valued, The side labe regiviis vutside
of this main distributien lobe must be
considered to he indetermimate i these
erperineRts bocaudo they have Beett obraired

o0 o RY

i

LYOLS Y LT S un&;.nwm' ‘n OOT 4

N A I e oy

A
-

M (il

2 by the previeusly mentisned filter leabage.
3 | One word of caution should be toiced at : S
] § this point, that is that the data scewmiloted : Sl
$ 2. here consiars anly of twe sete  of depth )
: » 2 wE . WCaSUTCBERES, Cach  Feproserted by (Beminoty : :
\ | £ . sanples of noise and i o way shaild this Be
. ,-..-“...,,“--_g'ﬁ.’:v.._“m’_“,_?:,“ib consteped 10 be anything. other thak a gross
0 b ¢ - canl s estinate of the moive structute. The
& ) ‘v‘ o W fety . &tRicture is ewtresely vavriable, Jdara  From
Fig., 1. Fetimates of the directionl maise the sawe Jdopth on buo differest tuss  differs
: spectaus for 15, M asd 100 ug, By as fasch as 5 B in avevage level and note

13
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Fig. 15. Time-bearing intensity records which include the DOS and D07 directional -
spectra samples of signal transmissions,

than that in the detailed structure, The
oceanic noise in the iow frequemcy region
cannot be considered stationary on s
10=ainute or even 10-hour time scale.

The 8 and D tapes were taken during

propagation runs with sources at two and
 sometimes three frequencies. Yo different
depths are associated with these runs, one
depth. with the center of the arxray at 713
meters, near the axis of the sound chanvel
and the other just adove the critical depth
width the array center at 3781 moters. The
directional arrivals are clesrly shown ia
these plots. Another word of caution to be
exercised in interpreting the data is in
onder, particularly for the 713 meter 100 He
plots, The two arrival paths in this case
are nearly exsctly spaced on the spacing of
“the second order grating Tesponses and the up
and dowaconing paths are superimposed on each

other in these plots. Thus, what appears to.

be a4 ypreading of the ebergy nay werely be
the superposition of the up and dowa rays at
ot quite the second order lobe spacing, In
the case of the deep srray the aagular

- separation is ouch less, 30 close a5 & matter

1

Fig, 15.

of fact that for the low frequency end, the
rays are not reaoived by the beaw pattern;
however, at 100 Hz they can be secen to be
separate. Significant changes in  the

distribution of cnergy between the wp and

down bundles can be seen from tupe to tape,
At the 100 H: frequency the arrival ray

bundle is in many cases spread out briader .

than the 1.5 resolution of the 100 Hz beas
pattem. o

Graphical intemsity va. vertieal ungle
and time recordings wery made during the
experiment. A sequence of sections of such a
record i3 shown in Fig, 15, "wo of the tape
dircetional spectra, DOS and DO7, were taken
during this sequence. - 0S corresponds to

‘Record 71 and DO7 correiponds to Mecord 510,
‘It - is apparent that the average spectra

plotted do not fully represent the complexiey
of the propagation th; there s a

considerabie time variability in both the

direction and amplitude of the arrivals of

The low tmmy envelope spectra of
these Ssignal arrvivals will be the sdbject of
a future analysis and report.
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DEPARTMENT OF THE NAVY

OFFICE OF NAVAL RESEARCH
875 NORTH RANDOLPH STREET
SUITE 1425
ARLINGTON VA 22203-1995

{N REPLY REFER TO:

5510/1
Ser 3210A/011/06
31 Jan 06

MEMORANDUM FOR DISTRIBUTION LIST

Subj: DECLASSIFICATION OF LONG RANGE ACOUSTIC PROPAGATION PROJECT
(LRAPP) DOCUMENTS

Ref: (a) SECNAVINST 5510.36
Encl: (1) List of DECLASSIFIED LRAPP Documents

1. In accordance with reference (a), a declassification review has been conducted on a
number of classified LRAPP documents.

2. The LRAPP documents listed in enclosure (1) have been downgraded to
UNCLASSIFIED and have been approved for public release. These documents should
be remarked as follows:

Classification changed to UNCLASSIFIED by authority of the Chief of Naval
Operations (N772) letter N772A/6U875630, 20 January 2006.

DISTRIBUTION STATEMENT A: Approved for Public Release; Distribution is
unlimited.

3. Questions may be directed to the undersigned on (703) 696-4619, DSN 426-4619.

A F
BRIAN LINK
By direction
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ARL, U of Texas
Blue Sea Corporation (Dr.Roy Gaul)
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APL, U of Washington
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